Background: It is a challenge for clinicians to restore oral function in patients with segmental defects of the mandible because of tumor extirpation. Dental implant therapy following vascularized autologous ilium grafts is an effective method to restore oral function in patients with mandibular segmental defects.
INTRODUCTION
Following tumor resection involving segmental mandibulectomies compared with marginal or rim mandibulectomies, severe continuity defects often remain, which result in very challenging functional rehabilitation and can significantly diminish quality of life. [1] [2] [3] [4] [5] Therefore, the goal of therapy in these patients is to restore oral functional activity and esthetic appearance in order to enhance quality of life. However, the complete reconstruction of the segmental mandibular defect remains a major clinical challenge. 6 Studies have demonstrated that placement of dental endosseous implants is a widely accepted and scientifically substantiated therapeutic option for reconstructing oral function of the edentulous jaw. 7, 8 Since the 1980s, the employment of dental implants has been an integral part of the rehabilitation protocol for reconstruction of oral function in cancer patients following segmental mandibulectomy. 9 However, sufficient bone volume still remains the limiting factor for placement and long-term stability of dental implants.
The repair of bony defects of the jaws using free vascularized tissue grafts, particularly of the mandible, has become a reliable procedure in recent years because it offers the potential for good functional and esthetic outcomes. [10] [11] [12] Compared with nonvascularized autogenous bone grafts, the advantages of vascularized grafts include their insertion at the time of the initial surgery, the simultaneous supply of soft tissue, additional vascular supply in compromised irradiated tissue, and the primary placement of the implants. With the advent of vascularized osseous free flaps over the past 30 years, reliable mandibular reconstruction can be achieved, with success rates of over 90%. [13] [14] [15] [16] [17] To achieve complete continuity in the mandible, four donor sites (fibula, iliac crest, radial forearm, and scapula) become the primary sources of vascularized bone and soft tissue for tissue reconstruction. Compared with other donor sites, the iliac crest can offer a unique advantage over others in terms of bone quality and quantity. 18, 19 No other free tissue transfer can achieve the same degree of vertical height augmentation and quality of bone achieved by the ilium bone flap. This makes it an ideal graft for mandibular reconstruction, particularly when osseointegrated implants are considered. 20 However, the morbidity associated with the iliac crest harvest limits its popularity.
Complications may develop after functional reconstruction of mandibular defects using dental implants combined with autologous ilium grafts, namely periimplant bone resorption, peri-implantitis, and implant failure. Relative to the donor site, ilium grafts are also associated with other disadvantages, such as gait disturbance, paresthesia of the lateral thigh, hernia, and extended healing times. 21 Furthermore, recurrences of oral cancer are common and may lead to loss of the entire reconstruction. Therefore, it is important to evaluate long-term clinical outcomes of dental implant therapy combined with autologous ilium grafts in the reconstruction of mandibular segmental defects.
Many studies have reported efficacious results for reconstructing oral function with implants based on autologous ilium grafts in cases with mandibular defects. [22] [23] [24] [25] [26] However, few reports have evaluated longterm functional outcomes (over a 10-year period). Based on the above considerations, the current study evaluated the results of mandibular reconstruction using dental implant therapy combined with vascularized ilium bone grafts over a period of 8 to 12 years. The aim of this study was to investigate the long-term clinical outcomes of immediate or staged dental implant therapy in mandibular rehabilitation secondary to tumor resection.
MATERIALS AND METHODS

Patients Selected
From January 2000 to October 2004, 43 patients received free ilium grafts from the Department of Oral and Maxillofacial Surgery and the Department of Oral and Craniomaxillofacial Implantology of the Ninth People's Hospital Affiliated with Shanghai Jiao Tong University, School of Medicine. Thirty-two patients with segmental mandibular defects because of tumor resection were enrolled in this study. Among the 32 patients, 16 had ameloblastomas (50%). Oral squamous cell carcinoma were present in three patients (9.4%), 10 patients had keratocystic odontogenic tumors of the mandible (31.2%), and myxomas were present in three patients (9.4%). According to methods described by Jewer DD and colleagues, 27 the mandibular defects were classified as two types: type L (lateral segment without a condyle) in 20 patients and type LCL (L, lateral segment without a condyle; C, central segment including both canines) in 12 patients. All patients selected fulfilled the following criteria: (1) tumors in the maxillofacial region; (2) segmental mandibulectomy; (3) ilium graft and implant placement; (4) no history of neck irradiation; (5) informed consent; (6) no history of smoking or alcohol consumption; (7) no systemic disease; and (8) agreement to be followed over an extended period after reconstruction of oral function. The patients were divided into two groups based on whether they received immediate reconstruction (phase, 17 patients, implants were immediately placed in the ilium graft after vascular anastomosis) or delayed reconstruction with implants in autogenous ilium grafts (phase, 15 patients, after 6 months, implants were placed in the ilium grafted site). For patients to qualify for immediate reconstruction, the following criteria needed to be met: (1) tumors were removed with minimal tendency for recurrence; (2) patients were medically stable to tolerate the surgical procedures of immediate reconstruction; and (3) patients could afford the cost of immediate reconstruction. For delayed reconstruction, the criteria included: (1) time needed to observe for recurrence of the tumor, and (2) immediate reconstruction was cost prohibitive. The iliac grafts were completed by one group of surgeons, and all implant placements and prosthetic treatments were completed by another group of clinicians. The ethics committee of the Ninth People's Hospital affiliated with Shanghai Jiao Tong University, School of Medicine approved this study protocol in its entirety.
The Reconstruction of Mandible Defects Using Phase I Protocol
For patients in the phase I group, following tumor resection, the mandibular segmental defects were created, and an appropriately sized graft was obtained from the iliac crest. This graft was then sized to the mandibular contour of the defect and placed into the defect. The time of ischemia in the grafted bone was controlled by stabilizing the graft in the recipient site in less than 1.5 hours. After vascular anastomosis, a titanium plate was used for fixation of the bone graft. Two conventional implant (CI) systems (Straumann, Basel, Switzerland; Brånemark, Nobel Biocare, Göteborg, Sweden) were used, and these implants were placed into the grafted bone following stabilization of the graft. Two doctors performed the implant placements, each using only one of the two implant systems based on their clinical preference. A total of 55 CIs were used for the patients in phase I of the study, including 40 Straumann implants (SLA, sandblasted, large-grit, acid-etched) 3.3 to 4.8 mm in diameter and 10 to 16 mm in length, and 15 Brånemark implants (TiUnite) that were 3.75 or 4.3 mm in diameter and 10 to 13 mm in length. Moreover, as previously described, 28 bone condensing was performed to enhance the bone density around the implants and stability of the implants. The defect site was primarily closed using skin islands or through direct suturing of the oral mucosa. After surgery, radiographs were taken to assess the location and directional angulation of the implants. All implants were allowed to heal subcutaneously, but most implants emerged through the soft tissue mucosa during the healing phase. After 4 to 6 months, radiography was used to verify osseointegration of the implants into the grafted bone. If osseointegration was achieved, prosthetic rehabilitation was performed at this time (5-6 months following bone grafting and implant placement).
Reconstruction of Mandible Defects Using Phase II Protocol
For patients in the phase II group, following tumor resection, the mandibular segmental defects were created, and an appropriately sized graft was obtained from the iliac crest and stabilized as was done in the phase I group. Four to six months after grafting, standard radiographic imaging was performed to assess the bone graft. If sufficient bone volume and no recurrence of oral tumor were confirmed, implants were placed in the area of the ilium graft. Bone condensing was also used to enhance the bone density around the implants and stability of the implants when the condition of bone density in the implant area was not ideal. One-staged surgery was used in the phase II group. A total of 55 CIs were used in patients in the phase II group, including 32 ITIs (International Team for Implantology [ITI] , Institute Straumann AG, Basel, Switzerland) that were 4.1 to 4.8 mm in diameter and 10 to 14 mm in length, and 23 Brånemark that were 3.75 or 4.3 mm in diameter and 10 to 13 mm in diameter. After implant placement, radiographs were taken to check the location and direction of the implants. As was seen in most of the patients in the phase I group, implants were allowed to heal subcutaneously, and most implants emerged through the mucosa during the healing phase (86.7%). Prosthetic procedures were performed 3 months after implant placement.
Prosthetic Procedures
Three (phase II) and six (phase I) months after implant placement, conventional prosthetic restoration of the implants was initiated. These procedures included exposure of the implant, placement of the healing cap, making of the impression after soft tissue healing, and fabrication of the final prosthesis. For patients in the phase I group, a second-stage implant surgery was completed to replace cover screws with healing caps at 5 or 6 months postgrafting/implant placement, and then prosthetic procedures were completed 1 week later, as described previously. 29 Briefly, open-tray impression transfer copings (plastic trays with loopholes) were used to complete the impression using elastomeric impression material for the mandible. Master casts were poured, and a wax trial cast was generated for clinical evaluation and patient approval. Ceramic crowns and resin dentures were generated according to standard of care procedures. Most dentures were designed to be screw-retained to facilitate adequate hygienic maintenance. After a screw-retained framework was secured to the implants at a 35 Ncm torque, the screw access holes were sealed using gutta-percha prior to composite fillings being placed on top of the framework. Following the delivery of the final dental prosthesis, patients were given oral hygiene instructions, prescribed a chlorhexidine rinse, and placed on recall programs to undergo periodontal maintenance every 6 months.
Evaluation Criteria
Patients in both groups received the same prosthetic procedures. A series of follow-up visits were performed during the 8 to 12 years following the completion of the final prostheses. The follow-ups were scheduled every 6 months following 1 year loading of the final prostheses. Moreover, five categories of data were recorded as follows: (1) implant success and survival rates -implants were defined as surviving if they fulfilled their supportive function and were stable when torque tested; the success criteria were consistent with those described by Albrektsson and colleagues; 30 (2) marginal bone loss (MBL) panoramic and periapical images (if the local conditions were permissible) were taken to detect MBL in the peri-implant area; (3) soft tissue inflammation -these measures included sulcus bleeding index (BI; assessment of the bleeding tendency of the marginal peri-implant tissues at the mesial, distal, buccal, and lingual aspects of each implant), probing depths (of the mesial, distal, buccal, and lingual surfaces), suppuration (yes or no during the probing procedure), and measures of overall oral hygiene conditions (plaque index, gingival index, and calculus); (4) complications were recorded including abutment/ screw loosening, ceramic losses, food impactions, tooth crown renewals, and gingival hyperplasias; and (5) 1 year after completing prosthetic reconstruction, patient satisfaction (five indices) was evaluated including assessments of facial contour, function of the prosthesis, comfort level of the prosthesis, mouth opening, and pronunciation. Each score was reported using a scale of 0 to 2 points, as described previously. 31 The software program SPSS 10.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. No adjustment of p values for multiple testing was performed because of the descriptive nature of the study.
RESULTS
Thirty-two patients with mandibular defects, with a mean of age 42.4 (range of 24-61) years, underwent mandibular reconstruction to improve oral function with dental implants following autologous ilium grafting (from the anterior iliac spine) between January 2000 and October 2004. Dehiscence of the flap occurred in two patients in the phase II group and resulted in partial exposure of the graft, but no further complications were observed with these grafts. The survival rate of the bone grafts was 100% during the follow-up period. Bone loss associated with the graft was observed in five patients (two patients in the phase I group and three patients in phase II group). However, the loss of bone did not affect implant placement and functional oral reconstruction. Two patients experienced paresthesia at the donor site, and one patient presented with a slight gait disturbance after the ilium graft. The patients in the phase I group were prosthetically restored within 5 to 6 months after the bone graft, whereas patients in the phase II group were restored 8 to 10months following grafting. A total of 110 implants were placed in iliac bone grafts, of which 55 implants were in the phase I group. All patients underwent reconstruction using implant-supported fixed prostheses that were screw-or bonding-retained (Table 1) . Over the 8-to 12-year period of follow-up observations, two patients (6.3%) dropped out because of tumor recurrence (one in phase I group had tumor recurrence 1.5 years after oral function reconstruction, and one in phase II group was 2 years). The cases of dropouts were excluded from the analysis. Five CIs failed, and four CIs were removed during the followup period. The 8-to 12-year cumulative survival and success rates were 96.4% and 91.8%, respectively (Table 2 ). There were no significant differences of implant survival rate between the ITI system and Nobel system. The mean peri-implant bone loss ranged from 1.0 to 1.2 mm in this study over the 8 to 12 years of follow-up (Table 3) . In some cases, severe bone loss occurred during the first year after the implants were placed, but bone loss remained relatively constant thereafter. The peri-implant hygienic parameters were measured at each follow-up assessment from each implant. The data showed that 72.2% of implants had a BI score between 0 and 1 in the first year of the study and that 77.8% of implants maintained a BI score between 0 and 1 at the final year (year 12). In contrast, the percentage of implants with a plaque index of score equal to 1 to 2 increased from 24.1% during the first year to 33.3% at the final year. A total of 13.9% of implants showed a calculus index score between 0.5 and 1 during the first year, and 11.1% presented with this index value in the final year of follow-up. All surgical and prosthetic complications during this 8-to 12-year study are listed in Table 4 . In total, 26 maintenance procedures were required for all patients. There were three abutment/screw loosenings, four replacements for loss of ceramic prosthetic material, three cases of food impactions, five crowns in need of being redone, and 11 cases of gingival hyperplasias. The number of maintenance procedures required during the first, third, and fifth years of follow-up was 4, 9, and 7, respectively. The above data show that the incidence of postoperative maintenance efforts was higher in the third year of follow-up, and the most frequent maintenance procedures were for the treatment of gingival hyperplasia. The 8-to 12-year follow-up program showed that the annual mean number of complications/repairs was 0.11, or approximately 0.07 per patient in this study.
Twenty-six were fully satisfied, and six were partially satisfied with the results of reconstruction. Over 80% of the patients were fully satisfied with their oral function. Of the 32 patients (excluding the two lost to follow-up), 31 were fully satisfied with the facial contour. Three patients who were partially satisfied with their pronunciation (one in the phase I group and two in the phase II group) suffered from limited tongue motion. Two patients (one in the phase I group and one in the phase II group) were only partially satisfied with their mouth opening after oral reconstruction because of myofibrosis of soft tissue in the area of the bone defects. The patient satisfaction scores are summarized in Table 5 . The restoration outcomes of four cases are illustrated in Figures 1, 2, 3 , and 4. Figures 1 and 2 show the results of two patients in the phase I group (one with an L-type mandibular bone defect and one with an LCL-type mandibular bone defect, resonance frequency analysis = 70), and Figures 3 and 4 show the results from two patients in the phase II group (one with an L-type mandibular bone defect and one with an LCL-type mandibular bone defect).
DISCUSSION
Facial contours, mastication, normal speech, movements of the lower jaw, and impairment of the donor site must be taken into account when reconstructive surgery is performed for patients with segmental mandibular defects. It is not easy for clinicians to restore the oral function of patients who are in need of segmental mandibulectomies. An important part of dental implant therapy in restoring these sites involves bone reconstruction in the area of the bone defect. From alloplastic bone substitutes to the autogenous bone grafts, there are many options currently available. [32] [33] [34] However, only ilium grafts were examined in this study. The long-term data confirmed that dental implants placed on autogenous ilium grafts are an effective method for reconstruction of these sites. Mean and SD 0. Although partial resorption of the bone graft was observed in these patients, the results showed that the ilium grafts achieved a 100% survival rate during the 12-year follow-up period. Successful bone reconstruction provided not only adequate facial contours but also created adequate support for the subsequent phases of implant placement and for restoration of oral biological functions. The cumulative survival and success rates for implants reached high levels (96.4% and 91.8%, respectively) during the 8-to 12-year follow-up period. Although two implant types (ITI and Nobel) were used to reconstruct oral function, there were no significant differences of the cumulative survival and success rates between these two implant systems in the grafted area. Three patients presented with complications at the donor site after ilium grafting (two patients with paresthesia and one patient with a slight gait disturbance), although these symptoms declined after 2 years, and the patients understood and tolerated these complications of mandibular reconstruction.
The mean peri-implant bone resorption ranged from 1.0 to 1.2 mm in this study over the 8 to 12 years of follow-up. With regard to complications after oral functional reconstruction, three main issues were identified: (1) calculus accumulation; (2) gingival hyperplasia; and (3) bone resorption. A total of five implants failed in this study because of severe gingival hyperplasia and bone resorption in the peri-implant area. Furthermore, four implants were removed. The reasons for calculus accumulation may include the following: (1) loss of sublingual and submandibular glands injured or lost after tumor excision resulting in decreased saliva volume and difficulties in clearing debris following mastication; (2) limited tongue movement if the hypoglossal nerve is damaged or part of the tongue is resected also leading to difficulties clearing food debris following mastication; and (3) inadequate oral hygiene measures, such as brushing teeth carefully and fastidiously and rinsing following mastication. In this study, the highest calculus accumulation (20.2%) occurred during the third year after oral functional reconstruction. Therefore, it is important to debride calculus to prevent the development of soft tissue health issues in the peri-implant area. Some measures can be applied to maintain high standards of oral hygiene, 35 including (1) using a "waterpik" oral irrigator to clear food debris, particularly in patients with lingual nerve damage or partial tongue excision; (2) strict compliance with a periodontal maintenance regimen ensuring that dentures are professionally cleaned every 6 months; and (3) incorporating family members into the hygiene regimen to help supervise or assist the patient in their oral hygiene. Severe gingival hyperplasia was observed in this study, and four implants were removed because of bone resorption in the peri-implant area caused by gingival hyperplasia. During the follow-up period, a total of 11 patients showed gingival hyperplasia. Four cases were treated using surgical removal of the hyperplastic tissue. In five cases, the fixed dentures were removed, and the gingival hyperplasia was resolved after 7 to 10 days. These cases showed good results, and no notable bone resorption was observed. However, in the two other cases, the surgical removal of the gingival hyperplasia failed. Because of the regular follow-ups and attentive oral hygiene practices, the annual mean number of complications/repair was lower (0.11-0.07) per patient in this study. More importantly, over 80% of patients were fully satisfied with the reconstruction of oral function, including the facial contour, the function of their prosthesis, the comfort level of the prosthesis, and their mouth opening and enunciation. The patients with only partial satisfaction may have had excessively high expectations for the outcomes of the oral reconstruction.
Many previous reports have shown that the oral function of patients with bone defects in the jaw can be restored using dental implants based on autogenous bone grafts. [36] [37] [38] However, there have been few prospective studies on the restoration of oral function in tumor patients with a mandibular bone defect using dental implants placed only in autogenous ilium grafts. 39, 40 Furthermore, few reports have published data covering a long-term (i.e., 10-year) follow-up period following mandibular functional reconstruction. In 2008, Chiapasco M and colleagues demonstrated that bone defects with resection of mandibular tumors can be reconstructed with dental implant base on autogenous bone grafts taken from autogenous nonrevascularized calvarial or iliac bone grafts. 41 The survival and success rates of implants placed in the reconstructed areas were 96.7% and 93.3%, respectively, in a 9-year retrospective study. Compared with nonrevascularized calvarial or iliac bone grafts, the main objective of this study was to systematically evaluate the clinical efficacy of oral functional reconstruction only with the revascularized ilium in a retrospective study with 8 to 12 years of follow-up. The results of this study showed similar results of the survival and success rates of implants (96.4% and 91.8%, respectively). Therefore, our study further confirmed that resection of mandibular tumors with autogenous revascularized ilium grafts is an effective method for reconstructing the mandible.
CONCLUSIONS
The results of this study indicate the following: (1) autogenous ilium bone grafting is an effective means to reconstruct the lower jaw of patients following tumor resection resulting in segmental mandibular bone defects; (2) this technique demonstrates an excellent prognosis for restoring oral function in patients with mandibular defects, based on the high survival and success rates of the implants placed in the reconstructed areas; (3) patients expressed a high level of satisfaction with the restoration of their oral function; and (4) there was no significant difference between phase I and II groups regarding the clinical efficacy of oral functional reconstruction. These results also demonstrate that peri-implant infection, calculus accumulation, or gingival hyperplasia remain a disturbingly common problem associated with this type of treatment. Therefore, it is important to regularly review patient oral hygiene instructions to prevent the above complications from occurring.
